CERN, together with ITEP and TRINITI (Russia), is developing a CO2 laser ion source. The key design parameters are: 1 . 4~1 0 '~ ions of Pb25+ in a pulse of 5.5 p, with a 4-rms emittance of 0 . 2~1 0 -~ rad m, working at a repetition rate of 1 Hz. This device is considered as one candidate source for LHC heavy ion operation. The status of the laser development, the experimental set-up of the source consisting of the target area and its illumination, the plasma expansion area and extraction, beam transport and ion pre-acceleration by an RFQ, will be given.
INTRODUCTION
In 1996 a laser ion source with beam transport (LEBT) and RFQ came into operation. This system was designed for multi-charge, heavy (A = 200) ion currents >50 mA, charge states around 25+ [ Fig. 11 , [l] . The source generated 8 mA of Ta20+, 28% were transported into the aperture of the RFQ. A coarsely matched beam was accelerated by the RFQ to 100 keV/u. A current of 1 to 2 mA of Ta20+ was obtained, starting an intense effort to improve this result [2] . 
WORK AT THE SOURCE

Matching of Plasma Density and Extraction
The border between plasma and extracted ions together with the electric fields of the extraction electrodes and -beam space-charge define the optics. Matching of the plasma and extraction is reached if the beam is smoothly focused to the LEBT. The current (I) of a Faraday cup with an aperture of 30 mm, was measured as function of extraction voltage (U), 300 mm after extraction. The current density of ions in the plasma was varied by changing the target to extraction distance for laser energies of 6 and 30 J. Figure 3 shows the emittance as function of extraction aperture 9 at a density from 8 to 12 mA/cm2, U = 60 kV.
Emittance Measurements
The distance between the extraction electrodes and the apertures was kept equal. It was observed that during the beam pulse, the orientation of the phase space ellipse changes ( Fig. 4 ) and different shaping of the source outlet electrode led to different emittances. For the present extraction geometry and a source current of 60 to 80 mA, one finds for the ensemble of about 10 charge-states, around Ta20+ at 7 keV/u, a total 4rms-emittance of 300 mad mm, normalized 1 . 2~1 0 .~ rad m, a value which requires improvement. At 7 keV/u, measurements of the emittance using a multi-slit and phosphor screen at high currents suffer from space-charge effects. More reliable measurements of emittance can be expected at 100 keVlu, after the RFQ. 
Results
Extraction aperture diameter (mm)
Experimental and numerical results are summarised in Table 1 . Simulations for warm solenoids are given in single parenthesis and for sc solenoids in double parenthesis. None of the configurations (whether tried out in an experiment or simulated with our different programs) led to a yield (particles in the xx'yy' acceptance of the RFQ) above 20 %. The reason is the strong non linear space charge effect from the "chained" focal points in a beam of ions of different charge states, leading to strong emittance blow-up (>2, in some cases 8 times), intrinsic to all solenoids. In the beam, ring structures were observed in the transverse plane (Fig. 5 ). 
Electro-static LEBT with Grids (GEL)
The GEL has been designed at CERN [51 and manufactured by INR, Moscow. Due to the lack of charge separation, strong non-linear space-charge effects should not appear and one expects high transfer rates compared to solenoid LEBTs. The mechanical layout of the GEL is shown in Fig. 6 .
The result from beam simulations for an extracted beam of 60 mA , and an input emittance of 320 m a d mm, is shown in Fig. 7 . Simulations give emittance growth <1. 
Work at CERN
In 1995, experiments with CO2 laser oscillators of 30 J (CERN) and 80 to 130 J (TRINITI) suggested that a 100 J laser system, consisting of a master-oscillator and poweramplifier (MOPA) should provide more than 10" ions of Pb25+ within 6 psec [6] . A master-oscillator was built by ITEP and TRJNITI in 1996 and run in at CERN. It produces single transverse mode, single longitudinal mode pulses of 150 mJ in 60 to 70 ns at 3 Hz. The realisation of a 100 J laser amplifier with 1 Hz repetition rate [7] started in December 1997. This is a joint project of ITEP and TRINITI, supported by an ISTC grant. The amplifier will be delivered to CERN by the end of 2000. The first phase of the project included the characterisation
The 30 J laser delivers one pulse per 30 sec. To get hands-on experience with a 1 Hz system, a low level 1 Hz oscillator has been converted to an amplifier for the master-oscillator pulses. It provides 2 J of energy. This energy is sufficient to study LEBT performances at high currents, with light elements such as AI.
NEXTSTEPS
The RFQ will be re-installed, together with the electrostatic LEBT. Effort will be invested in the reduction of the source emittance if the results, obtained at 6 to 7 keV/u, are confirmed by measurements at 100 keV/u. Shaping of the extraction electrodes and modulation of extraction voltage may help. Immediate acceleration of the ions after extraction, to reduce space charge effects at transport and matching of the beam to the RFQ, is under study.
